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Abstract. Basyuni M, Gultom K, Fitri A, Susetya EA, Wati R, Slamet B, Sulistiyono N, Yusriani E, Balke T, Bunting P. 2018. Diversity 
and habitat characteristics of macrozoobenthos in the mangrove forest of Lubuk Kertang Village, North Sumatra, Indonesia. 
Biodiversitas 19: 311-317. Mangrove plays an important role in coastal ecosystems including ecological, social, and economic aspects. 
This study aimed to determine the diversity of macrozoobenthos and water quality based on diversity index (H’), similarity Index (E), 
and dominance index (D) in the mangrove of Lubuk Kertang Village North Sumatra, Indonesia. The samples of macrozoobenthos 
(biological parameter) and water quality (physical and chemical parameters) were collected from fifteen plots in three different stations. 
Macrozoobenthos were collected in 1 m × 1 m transect in the mangrove forest. The biota was taken by using a shovel, inserted into a 
plastic bag, and identified. Results showed that eight species of macrozoobenthos were found and classified into three classes of 
Gastropod, Bivalvia, and Malacostraca. The highest diversity index (H′) of macrozoobenthos was found at Station II (2.39), the highest 
evenness index (E) was located at Station I (0.54), and the highest dominance index (D) was found at Station II (0.34). Principal 
component analysis (PCA) was used to determine the habitat characteristics of macrozoobenthos. PCA confirmed that station III was a 
habitat with suitable characteristics for the life of macrozoobenthos indicating the negative axis. The present study suggested four 
parameters namely salinity, clay temperature, and dissolved oxygen that should be preserved to support the survival of macrozoobenthos 
in the mangrove forests. 
Keywords: Macrozoobenthos, mangrove, principal component analysis, water quality 
INTRODUCTION 
Mangrove plays a vital role in coastal ecosystem 
including ecology, social, and economic aspects (Blasco 
and Aizpuru 2002; Dahdouh-Guebas et al. 2005; Duke et 
al. 2007). In ecology aspect, mangrove is inhabited by 
various types of biota either living in the waters or from the 
landward to the seaward. Mangrove forests play an 
important role in marine fisheries, such as feeding ground, 
nursery ground, spawning ground for various types of 
aquatic biota (Able 2005).  
Mangrove forests in Lubuk Kertang Village, Langkat, 
North Sumatra have undergone many land conversion 
(Basyuni et al. 2015). The areas have been converted to oil 
palm plantations, settlements, farms, and paddy field that 
can affect the ecological value of mangroves and food 
chain cycles (Basyuni et al. 2015). Consequently, those 
conditions are cut off in aquatic ecology as well as water 
quality degradation and will have the impact to the inland 
(Alongi 2002). This circumstance is in a great need of 
attention from all circles of society to ensure that the 
management and conservation of mangrove forests can be 
maintained. 
Macrozoobenthos are known to be sensitive to water 
status alteration, and macroinvertebrates are justifiably the 
most frequently employed biological elements in 
monitoring studies (Morse et al. 2007). Macroinvertebrates 
are found in all aquatic habitats. They are less mobile than 
most other groups of aquatic organism. They are easily 
collected, and most of them have relatively long periods of 
development in the aquatic environment. Thus, 
macroinvertebrate species should reflect deleterious events 
that have occurred in the aquatic environment during any 
stage of their development (Cairns and Pratt 1993). 
Macrozoobenthos are living organisms that are 
crawling, sticking, burying, and burrowing either in the 
bottom waters or the bottom surface of the waters (Lee 
2008). Macrozoobenthos that settled in the mangrove area 
mostly live on the hard substrate to the muddy environment 
(Marzano et al. 2003). Macrozoobenthos plays an 
important role in maintaining the balance of aquatic 
ecosystems but also very sensitive to changes in water 
quality of their life. The presence of macrozoobenthos in 
water is, therefore, strongly influenced by various 
environmental factors, including biotic and abiotic 
(Bonzini et al. 2008). The influential biotic factors are 
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producers such as the mangrove plant itself, which is one 
of the food sources for macrozoobenthos (Basyuni et al. 
2007; Wardiatno et al. 2015; Sihombing et al. 2017). The 
abiotic factor is the aquatic chemical and physical 
parameters such as temperature, salinity, dissolved oxygen, 
pH, and substrate of the bottom water (Beuchel et al. 2006). 
The significant benefits of mangrove forest in Lubuk 
Kertang Village make it very vulnerable to over-
exploitation and severe environmental degradation. These 
threats lead to not only reduced mangrove forest area but 
also decreased ecological function. On the other hand, the 
life of macrozoobenthos is inseparable from the mangrove 
fertility and water quality level (Meziane and Tsuchiya 
2002). To get more insight into the balance supporting in 
the mangrove ecosystem, the present study was aimed to 
analyze the diversity, abundance, and habitat characteristic 
of macrozoobenthos with special emphasis to water quality 
and community activities around the mangroves. 
MATERIALS AND METHODS 
Study area 
The study was conducted in Lubuk Kertang Village, 
Brandan Barat Sub-district, Langkat District, North 
Sumatra Province, Indonesia. The location for sampling 
was divided into three different stations. The station I was 
located at 3º46.44ʹ30.1ʺ-3º46.44ʹ34.17ʺ North Latitude and 
between 98º43.89ʹ2.0ʺ-98º43.89ʹ4.5ʺ East Longitude. 
Station II was situated at N 3º46.60ʹ44.32ʺ-3º46.60ʹ47.98ʺ 
and between at E 98º43.70ʹ0ʺ-98º43.70ʹ2.28ʺ. Station III 
was located at N 3º46.82ʹ18.33ʺ-3º46.82ʹ21.87ʺ and 
between at E 98º43.66ʹ33.3ʺ-98º43.66ʹ36.67ʺ (Figure 1). 
Procedures 
Sampling of macrozoobenthos  
The method used to determine the station was 
purposive sampling based on community activities. Three 
different stations were set with the criteria listed in the 
description of the area. The samplings of macrozoobenthos 
were done in two weeks with time interval three times. 
Each station was further sub-divided into five plots of 1 m 
× 1 m size. The macrozoobenthos above and below the 
ground were taken by hand. The samples obtained were 
cleaned with distilled water and put into a plastic bag 
containing 70% alcohol for preservation and then labeled. 
The samples were identified with the identification book of 
Dharma et al. 2005). 
 
 
 
 
 
Figure 1. Study location at Lubuk Kertang Village, North Sumatra, indicating the sampling sites of macrozoobenthos consisted of 
fifteen plots in the three stations  
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benthos, pH effect is related to the decreasing of stress. If 
the pH was above six, then the benthic diversity decreased 
slightly. This finding was supported by the calculated 
diversity index of the present research, which ranged from 
2.30 to 2.39. The diversity of macrozoobenthos in the three 
stations was classified as medium diversity. Conditions of 
water that are very acidic or alkaline will disturb the 
survival of the organism as it can cause respiratory and 
metabolic disorders. The present study result was also 
supported by Wang et al. (2012) who found that the pH 
value of <5 or> 9 is not appropriate for the life of 
macrozoobenthos.  
Abundance of macrozoobenthos 
Macrozoobenthos abundance value was obtained from 
analysis of data from three different stations. The highest 
abundance (34 individuals m-2) was obtained from Station 
III while the lowest (26 individuals m-2) was obtained from 
the station I (Table 2). Table 2 shows that eight species 
macrozoobenthos were found and classified into three 
classes of Gastropod, Bivalvia, and Malacostraca. Six 
species, C. cingulata, N. lineata, E. aurisjudae, L. scabra, 
V. cochlidium, and T. telscopium belong to Gastropod. M. 
casta was a member of Bivalvia, and H. oregonensis 
belongs to Malacostraca.  
 
 
Table 1. Physical and chemical parameters in each station 
 
Parameter Unit Station I II III 
Physical     
Temperature ̊C 29 30 29.5 
Brightness m 0.3 0.2 0.35 
Current 
velocity m/s 0.161 0.140 0.185 
Substrate 
texture - 
sandy 
clay 
sandy clay 
loam 
sandy 
clay 
Chemical     
pH - 6.6 6.7 6.9 
Salinity ‰ 22.5 30 28 
DO mg/L 2.2 2.1 2.1 
C-organic % 7.69 7.69 8.63 
 
 
 
Table 2. Abundance value (ind m-2) of macrozoobenthos in each 
station 
 
Species Station I II III 
Hemigrapsus oregonensis 2 2 3 
Cerithidea cingulata 6 6 10 
Nerita lineata 12 13 12 
Ellobium aurisjudae 1 0 0 
Littoraria scabra 1 1 3 
Volegalea cochlidium 3 5 5 
Meretrix casta 0 0 1 
Telescopium telescopium 1 1 0 
Total 26 28 34 
 
 
Relative abundance of macrozoobenthos 
The relative abundance of macrozoobenthos was 
depicted in Table 3. The highest relative abundance of 
macrozoobenthos was 42.25% (N. lineata), and the lowest 
was 0.78% (M. casta). According to Lee (2008), gastropod 
class has the highest relative abundance in estuary waters 
due to its immune system and a hard shell that makes it 
more likely to survive compared to other classes. Also, 
Chen et al. (2007) also showed that N. lineata has a shell 
with a very large body whorl. N. lineata usually is attached 
to the root or mangrove stems. In the mangrove area of 
Lubuk Kertang Village, the most dominant mangrove 
species was Rhizophora apiculata (Basyuni et al. 2017). 
This species has trunk and branching roots called stilt roots, 
which makes it possible for N. lineata to stick to the roots. 
N. lineata also had the highest density among the 
macrozoobenthos observed (Table 2). 
Diversity index (H’), similarity index (E), and 
dominance index (D) of macrozoobenthos 
Macrozoobenthos diversity was determined by using 
the Shannon-Wiener Diversity Index. The Diversity Index 
value ranged from 2.30 to 2.39 belonging to the medium 
diversity category, and the water quality category was 
classified as moderate. The similarity index (E) ranged 
from 0.51-0.54, and the dominance index (D) ranged from 
0.33 to 0.35 belonging to the medium version category 
(Table 4).  
The classified dominance index value in this study 
indicates that there was no any type that remarkably 
dominated other types. These results show that the 
condition of the water community was quite stable. It has 
been reported that an assessed polluted ecosystem is not so 
easily detected from the relationship between species 
diversity and community stability (Ilarri et al. 2012). A 
stable system regarding resistance to disturbance or 
contaminants may have low or high biodiversity, 
depending on the function of the energy flow present in the 
waters (Meziane and Tsuchiya 2002). 
As shown in Table 4, the similarity index ranges from 
zero to one. The closer to zero, the smaller the similarity of 
the population, meaning that the spread of the number of 
individuals of each species is not the same, and there is a 
tendency of one type to dominate. The closer the value to 
unity (one), then the spread tends to flatten, and there is no 
dominating type.  
 
Table 3. Relative abundance of macrozoobenthos (%) 
 
Species Relative abundance 
Hemigrapsus oregonensis 7.75 
Cerithidea cingulate 24.81 
Nerita lineata 42.25 
Ellobium aurisjudae 1.16 
Littoraria scabra 5.81 
Volegalea cochlidium 16.28 
Meretrix casta 0.78 
Telescopium telescopium 1.16 
Total 100.00 
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The salinity obtained during the study ranged from 22.5 
to 30‰. The highest salinity value was shown at station II 
(30 ‰) while the lowest value was shown at Station I (22.5 
‰). Based on Minister of Environment Decree No. 51 of 
2004, salinity value that meets the standard quality was 0-
34 ‰. Wang et al. (2007) reported that the salinity 
fluctuation gradient pattern depends on season, topography, 
tides and the amount of fresh water. The range of typical 
salinity values for macrozoobenthos life in mangrove 
forests ranged from 20-35 ‰. The salinity range observed 
in this study is still included in the standard category.  
Figure 4.B depicts PCA analysis of physical and 
chemical parameters of the research site. The results 
displayed the physical and chemical parameters that had a 
significant role and an essential habitat for 
macrozoobenthos at the station III that was on the opposite 
of axis 2. The station III was medium in diversity index of 
macrozoobenthos (2.35). The physical parameters of the 
PCA analysis affected the chemical characteristics of the 
habitat at the station III which showed smaller value 
indicating a low uniformity. This result showed that the 
density of each type could be the same and tended to be 
dominated by a particular type.  
In conclusion, we have confirmed that water quality 
(physical and chemical parameters) affected habitat 
characteristics of macrozoobenthos at each station 
observed. Four parameters namely salinity, clay, 
temperature, and DO play a significant role in Mangrove 
area in Lubuk Kertang Village. The four parameters should 
be preserved to support the survival of macrozoobenthos in 
the mangrove forests. 
ACKNOWLEDGEMENTS 
The authors thank Universitas Sumatera Utara for a 
Non-PNBP USU Grant 2017 (No. 3221/UN5.2.3.2.1/ 
PPM/2017). A part of this study was supported by a 
Research Grant from Indonesian Science Fund (DIPI-
RCUK Joint Call) (Grant Number No. NE/P014127.1).  
REFERENCES 
Abbasi T, Abbasi SA. 2011. Water quality indices based on 
bioassessment: the biotic indices. J Water Health 9:330-348. 
Able KW. 2005 A re-examination of fish estuarine dependence: Evidence 
for connectivity between estuarine and ocean habitats. Estuar Coast 
Shelf Sci 64: 5-17. 
Alongi DM. 2002. Present state and future of the world’s mangrove 
forests. Environ Conserv 29: 331-349. 
Bachelet G, Montaudouin XD, Dauvin JC. 1996. The quantitative 
distribution of subtidal macrozoobenthic assemblages in Arcachon 
Bay in relation to environmental factors: a multivariate analysis. 
Estuar Coast Shelf Sci 42: 5-17. 
Basyuni M, Oku H, Baba S, Takara K, Iwasaki H. 2007. Isoprenoids of 
Okinawan mangroves as lipid input into estuarine ecosystem. J 
Oceanogr 63: 601-608. 
Basyuni M, Putri LAP, Murni MB. 2015. Implication of land-use and 
land-cover changes into carbon dioxide emission in Karang Gading 
and Langkat Timur Laut Wildlife Reserve, North Sumatra, Indonesia 
J Man Hut Trop 21: 25-35. 
Basyuni M, Sagami H, Baba S, Oku H. 2017. Distribution, occurrence, and 
cluster analysis of new polyprenyl acetones and other polyisoprenoids 
from North Sumatran mangroves. Dendrobiology 78: 18-31. 
Beuchel F, Gulliksen B, Carroll ML. 2006. Long-term pattern of rocky 
bottom macrobenthic community structure in an Arctic fjord 
(Kongsfjorden, Svalbard) in relation to climate variability (1980-
2003). J Mar Syst 63: 35-48. 
Blasco F, Aizpuru M. 2002. Mangroves along the coastal stretch of the 
Bay of Bengal: Present status. Indian J Mar Sci 31: 9-20. 
Bonzini S, Finizio A, Berra E, Forcera M, Parenti P, Vighi M. 2008. 
Effects of river pollution on the colonization of artificial substrates by 
macrozoobenthos. Aquat Toxicol 89: 1-10. 
Chen GC, Ye Y, Lu CY. 2007. Changes of macro-benthic faunal 
community with stand age of rehabilitated Kandelia candel mangrove 
in Jiulongjiang Estuary, China. Ecol Eng 31: 215-224. 
Dahdouh-Guebas F, Jayatissa LP, Di Nitto D, Bosire JO, Lo Seen D, 
Koedam N. 2005. How effective were mangroves as a defense against 
the recent tsunami? Curr Biol 15: R443-R447. 
Dharma B, Schwabe E, Schrödl M. 2005. Recent & Fossil Indonesian 
Shells. Conch Books. Hockenheim, Germany. 
Duke NC, Meynecke JO, Dittmann S, Ellison AM, Anger K, Berger U, 
Cannicci S, Diele K, Ewel KC, Field CD. 2007. A world without 
mangroves? Science 317: 41-42. 
Flach E, Muuthumbi A, Heip C. 2002. Meiofauna and macrofauna 
community structure in relation to sediment composition at the 
Iberian margin compared to Goban Spur (NE Atlantic). Prog 
Oceanogr 52: 433-457. 
Gray, JS. 2000. The measurement of marine species diversity, with an 
application to the benthic fauna of Norwegian continental shelf. J Ex 
Mar Biol Ecol 250: 23-49. 
Illari MI, Freitas F, Dias SC, Antunes C, Guilhermino L, Sousa R. 2012. J 
Sea Res 72: 113-120. 
Kanaya G. 2013. Recolonization of macrozoobenthos on defaunated 
sediments in a hypertrophic brackish lagoon: effects of sulfide 
removal and sediment grain size. Mar Environ Res 95: 81-88. 
Krebs CJ. 1989. Ecological Methodology. Harper Collins Publishers. New 
York.  
Lee SY. 2008. Mangrove macrobenthos: Assemblages, services, and 
linkages. J Sea Res 59: 16-29. 
Lim HS, Diaz RJ, Hong JS, Schaffner LC. 2006. Hypoxia and benthic 
community recovery in Korean coastal waters. Mar Pollut Bull 52: 
1517-1526. 
Marzano CN, Liaci LS, Fianchini A, Gravina F, Mercurio M, Corriero G. 
2003. Distribution, persistence, and change in the macrozoobenthos 
of the lagoon of Lesia (Apulia, southern Adriatic Sea). Oceanol Acta 
26: 57-66. 
Meziane T, Tsuchiya M. 2002. Organic matter in a subtropical mangrove-
estuary subjected to wastewater discharge: origin and utilisation by 
two macrozoobenthic species. J. Sea Res 47:1-11. 
Odum EP. 1993. Fundamentals of Ecology. Gadjah Mada University 
Press. Yogyakarta.[In Indonesian] 
Rajsekhar D, Singh VP, Mishra AK. 2015. Multivariate drought index: An 
information theory based approach for integrated drought assessment. 
J Hydrol 526: 164-182. 
Selleslagh J, Lobry J, N’Zigou AR, Bachelet G, Blanchet H, Chaalali A, 
Sautour B, Boet P. 2012. Seasonal succession of estuarine fish, 
shrimps, macrozoobenthos and plankton: Pshyco-chemical and 
trophic influence, the Gironde estuary as a case study. Estuar Coast 
Shelf Science 112: 243-254. 
Sihombing VS, Gunawan H, Sawitri R. 2017. Diversity and community 
structure of fish, plankton and benthos in Karangsong Mangrove 
Conservation Areas, Indramayu, West Java, Indonesia. Biodiversitas 
18: 601-608. 
Wang H, Hsieh YP, Harwell MA, Huang W. 2007. Modeling soil salinity 
distribution along topographic gradients in tidal salt marshes in 
Atlantic and Gulf coastal region. Ecol Modell 201: 429-439.  
Wang Z, Zhang Z, Zang J, Zang Y, Liu H, Yan S. 2012. Large-scale 
utilization of water hyacinth for nutrient removal in Lake Dianchi in 
China: the effects on the water quality, macrozoobenthos and 
zooplankton. Chemosphere 89: 1255-1261. 
Wardiatno Y, Mardiansyah, Prartono T, Tsuchiya M. 2015. Possible food 
sources of macrozoobenthos in the Manko mangrove ecosystem, 
Okinawa (Japan): A stable isotope analysis approach. Trop Life Sci 
Res 26: 53-65.  
Weber N, Bouwes N, Pollock MM, Volk C, Wheaton CM, Wathen G, 
Wirtz J, Jordan CE. 2017. Alteration of stream temperature by natural 
and artificial beaver dams. Plos One 12 (5). e0176313. DOI: 
10.1371/journal.pone.0176313. 
